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Questions

1 Aretherewide-spread magnetic fieldsin the
Inter-galactic medium (IGM)?

» Active Galactic Nucle:
Radio Galaxies, Radio loud QSOs, ...

o

Dynamically important? Total energy content?
mpact on the physics of IGM?
How to observe them?
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The Magnetized Univer se Proj ect

*Energy Production: 'Fgef gXt/ Tralr:.spc;; t:
“*how to collimate

ol 2

: how to'forrr.l SM BH.. ietshelix?

s Accretion disk physics 2how to form radio

*Energy Conversion: |l obes?

*»Gravitational -
Magnetic (dynamo)

*Astro implications

*Energy Dissipation: “*how do |obes expand?

“*how to dissipate “*impact on cosmi C
magnetic energy? structure formation

*How to acceerate E— «**how to detect the wide-
particles? spread B fields?




Parameters

Black/hole Ho galaxy Mix with IGM?
DISk ound ob
Blac hole ODES SCAL ES

1014 1019 1022-23 1024 1025 cm
(solar system) (10pc) (10kpc) (300kpc) (=3 Mpc)

» Electron energy: tens of GeV

» Magnetic fields: 0.5-5 mGauss

» Density: ~10° cm3 (thermal)

> Total current: | ~B R ~1018—-10%° A

» drift velocity: ~10 mm/sec (!) to
relativistic ~c



Magnetic L obe
For mation

» Magneto-static limit: (e.g.,
L yden-Bell’ 96)
» Assumptions, Steps. (Li et al.’01) |
a) Arcadeon disk,y (r,2);
b) Specify twist profile, F (y);
c) Bounded by pressureat large
distances, p(y );
d) Find seguences of equilibrium,
with increasing toroidal flux,
energy, and helicity;




An Analytic Global G-S Solution

J B=Np
Dy +d(H2/2)/dy +4pr>dP/dy =0

ey 6U
Y 24, Hy)=ly
Y v @[

iB = (2- 2Ar2)exp(- Ar?)exp(- ne)
B :CO% B = m exp(- Ar?)exp(- ne)
1B,= Ir exp(- Ar®)exp(- nE)

with 8A=I1*+n7, C, = Ay

é
p(y) = p.él-
6

%isdisk length scale, r—lnisvertical scale height.



“RFP In the sky?”

Energy:WBHIQyzmax/m
s Helicity :H p 1y “mx / M
Radius Flux ratio: F, /F, pl /m(>> 1)




Magnetic L obe Relaxation

» Actually, it isdynamic! TheAlfven timefor a 300
kpc lobeis5x107 yrs, comparableto the life-time
of the black hole.

> Short time (107-108 yrs), in afinite volume, with a
finite amount of energy and helicity. Sinceit Is
over -pressured compared to itssurrounding, it
should evolve.

Reconfiguration and relaxation?
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Relaxation and Expansion
(Fitzpatrick & Li’03, Aspen)

Jet/RFP:
(DL, ag>Volg
(2)B,~Jo, By ~Ja(r)
(3) Bjerr Hijer

Spheromak:
(1) asp—'V0|sp |
(2) B, By, Br~Ja(r)

(3)Egp Hyp



From Cylinder to Sphere....

| s ener getically favor able?

(1) VolumeRatio: Vg, =1 Viq;
(2) f-fluxRatio:  Fg, =1 F
(3) Helicity Ratio: Hg, =0 Hiq;

1/3

Note:
h > 1 (expansion)
f <1 (flux conver.)
. =1 (helicity conserv.)

Note that energy of the spheromak is scaled
ash-13 j.e, decreasing inversely as size.



An Example
Takeinitial L.

iee =900 kpc, a4 =30Kkpc, Ej =100 ergs
(helicity ratio: © =1, 0.5, 0.1, sothat f-flux ratio: ' =0.3, 0.2, 0.1)

Lietal.’ 04




|deal-MHD Codes

1 Developed anew 2D and 3D ideal MHD code with
AMR (Li & Li’03, ApJS), in Cartesian, Cylindrical
and Spherical geometries.

1 Developed anew algorithm of maintaining
divergence free condition with AMR for
arbitrary refinement ratios (L1 & L1’03, JCP).

 Developed a new approximate Riemann solver
for MHD based on HLLC (S. L1’ 03, JCP).



Light-Cylindrical Supersonic Jet

51:.':- T — i

0.5t T, i ] |

T e
e S, [y




Rising Buoyant Gas Bubbles
In Galaxy Clusters (L1 et al.’04)




Summary

» Magnetic fields from AGNsan important
component in the overall energy flow of
structure formation. Need to incorporate
thisfeedback in cosmological structure

formation.

» On-going cosmological MHD simulations,

putting our AMR-MI
cosmology codes.

D moduleinto

» Key goals: What isthe volumefilling factor
and total dissipation of magnetic fieldsin

|GM?



